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Abstract 
Alumina (Al2O3) is the raw material for producing primary aluminum. Alumina contains toxic elements. In this work, four industrial 
alumina samples produced at four plants from different ores were analyzed with AAS and ICP MS methods. Tests showed that 
there exist from 0.3 to 0.4% of toxic trace elements in industrial alumina. The concentrations of 10 elements exceed their average 
values in the Earth's crust. Dangerous elements such as Mo, As, Be, Hg, S are characterized by especially active accumulation in 
alumina.. The highest concentrations of toxic elements were found in alumina from Paleozoic bauxite while the lowest ones in 
alumina from young Cenozoic ores and from nepheline ores.  
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1. Introduction 
The primary aluminum production is one of the “blue chip companies” of the Russian domestic business that is 
considered to be the source of Russian well-being. Primary aluminum production as well as any other metallurgical process 
influences all major components of the environment. According to average world statistics a production of one alumina 
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metric ton is accompanied by 10-14 tons of wastes [1]. About 70 % of wastes are low-toxic overburden rocks of bauxite 
deposits but the other 30 % represents rather toxic mud and slime produced during metallurgic production.  
Alumina (Al2O3) is the raw material for producing primary aluminum. Alumina is produced from bauxite or sometimes 
from nepheline ores. Russia is the only country producing Al2O3 from sources other than bauxite. Smelting one ton of 
aluminum about two tons of alumina, and also 0.5 ton of carbon anode, 0.03 ton of aluminum fluoride AlF3, and 0.0015 ton 
of cryolite (Na3AlF6) [2]. The melting of 1 ton of aluminum is accompanied by the formation of solid waste from 0.3 to 0.8 
tons that has a complex chemical and mineral composition. These wastes are found to consist of C (12 - 85 %), F (13 - 32 %), 
Al (11 - 33 %), Na (3 - 17 %), Fe (0,4 - 3 %), S (0,05 - 2,5 %), Si (0,05 - 0,5 %) and other elements [3]. Melting of 
aluminum also produces emissions of dust and gases (CO, CO2, F, HF) [1].  
Solid wastes are transported into slime reservoirs. Slime water is very dangerous to the environment and human 
health. At the reservoir of Krasnoyarsk Aluminum Plant an extensive collection of toxic elements such as fluorine 
(average concentration is 7980 mg·L-1), sulphates (16600 mg·L-1), aluminum (8.5 mg·L-1), iron (9.4 mg·L-1), boron 
(47 mg·L-1), barium (16.7 mg·L-1), lithium (8.9 mg·L-1), nickel (5.2 mg·L-1), lead 2.6 mg·L-1), vanadium (59 mg·L-1), 
and others was found. Leakages from slime reservoirs create chemical contamination of groundwater [4]. 
Alumina is the main source of chemical contamination of the environment due to the process of aluminum smelting. 
That is why aluminum companies do not publish data on trace elements in alumina.  
The Aluminum production in Russia is not sufficiently supplied with home mineral resources. As Russia produced 
4.5 million tons of alumina and 3.6 million tons of aluminum in 2014 [5], it imported about 2.7 million tons of alumina 
containing toxic elements. After alumina processing (aluminum smelting) a lot of toxic trace elements are left in 
Russia in the form of wastes.  
Thus, the objective of this study was the detection of toxic elements in alumina and also the evaluation of its hazards 
for the environment and specifically groundwater. 
2. Methodology 
We analyzed four industrial alumina samples at four plants produced from different ores (Figure 1). The first 
sample (A) was produced at Achinsk Alumina Combine from a nepheline ore, the second sample (B) – at Bogoslovskɭ 
Aluminum Plant from Ural Paleozoic bauxite, the third sample (N) – at Nikolayevsky Alumina Plant (Ukraine) from 
Guinea Cenozoic bauxites, and the fourth sample (P)  – at Pavlodarsky Aluminum Plant (Kazakhstan) from Turgay 
Cenozoic bauxite. Chemical elements in all four samples were analyzed with chemical and ICP MS methods. Alumina 
samples were tested at the Central Laboratory of the "Krasnoyarskgeologia Mining Geological Company" that 
possesses the Russian certificate for analysis of rocks, ores and raw minerals. All analyses were carried out in three 
laboratory sample weights for every chemical element. Average contents of elements are given in Table 1. 
For an assessment of the pollution level or its risk, Russian geochemists use the total pollution index ZC. To 
calculate this index they compare the results of laboratory tests and the average concentrations of elements in the 
Earth's crust. Yuriy Sayet et al. [6] have given the following equation for calculation of ZC: 
)1(
1
 ¦
 
nKZ
n
i
cC                                                            (1) 
where ZC – total pollution index; KC – coefficient of concentration of chemical element; n - number of analyzed 
elements. The coefficient of concentration is calculated by dividing the concentration of the element in the studied 
object on the concentration of the same element in the Earth's crust. Equation for KC is given as follows:  
EiC CCK :                                                             (2) 
where Ci – concentration of the element in the studied object; CE - concentration of the same element in the Earth's 
crust [7,8]. It is assumed that the higher total pollution index corresponds to a higher pollution. If the total pollution index 
exceeds 16, the soil is considered to be contaminated. Using the analogy with contaminated soil it can be regarded that all 
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substances are contaminated if their ZC is above 16. The pollution is considered as hazardous if the total pollution index 
exceeds 32. 
 
Fig 1. Alumina Samples 
3. Results 
The occurrences of trace elements in bauxite are variable and difficult to understand because their mobility during 
weathering is influenced by many contradictory factors [9]. However, Bayer process erases the geochemical differences 
between different bauxite directing the greater part of the small elements to the waste (red mud). Only a small proportion of 
chemical elements can be accumulated in alumina. Therefore, alumina originated from various ores is characterized by 
similar chemical composition. 
Only ten elements were found to enrich the alumina compared with the Earth's crust. These elements are Mo17.7, As12.4, 
Al6.2, C4.4, B3.3, Rb3.1, Be2.7, Ga2.2, Hg1.8, S1.5 (index near symbol shows the coefficient of concentration calculated by 
Equation 2). Only three elements of these ten are not considered to be toxic (C, Ga, and Rb). The other seven elements are 
hazardous for the environment (especially mercury, beryllium and arsenic). All seven elements are considered to be toxic to 
the water and all of them were found in groundwater near waste dumps of aluminum plants. 
Table 1. Composition of Alumina’s Samples and the Earth’s Crust in parts per million (ppm) 
Element Earth’s Crust[7,8] 
Alumina’s Samples Average 
of alumina A       B        N       P 
Al* 80700 505588 499235 505588 496059 501618 
As** 1.8 22 25 31 11 22 
B* 9 0 100 0 20 30 
Be* 2 5 9 4 4 5 
C 200 818 764 900 1036 880 
Ca 38100 786 464 443 400 523 
Ce 61 21 22 23 19 21 
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Cr** 92 0 11 11 10 8 
Cu** 53 2 2 10 2 4 
F** 640 190 190 280 130 198 
Ga 17 31 42 29 45 37 
Hg** 0.072 0.20 0.15 0.10 0.08 0.13 
K 21300 597 340 216 216 342 
Li* 25 0 21 0 10 8 
Mg 22600 84 84 78 78 81 
Mn** 900 18 26 20 19 21 
Mo* 1.2 22 21 22 20 21 
Na* 23800 2300 2523 2300 2894 2504 
Ni** 70 10 0 10 10 8 
P* 1000 74 74 65 74 72 
Rb 110 320 310 340 390 340 
S** 330 560 75 410 900 486 
Si* 279900 229 191 411 229 265 
Sn 2.3 1 1 1 1 1 
Sr* 370 10 11 10 10 10 
Ti* 5300 42 42 54 48 47 
V** 12 13 12 18 17 15 
Zn** 68 62 86 46 47 60 
Zr 160 54 55 59 56 56 
ZC – 28.4 41.3 32.3 24.6 31.3 
 
Note: * – Element toxic for water. ** – Element toxic both for soil and water. 
The given seven elements (Al, As, Be, C, Ga, Mo, Rb) are common to all four samples. Geochemical differences between 
samples are due to an accumulation of only one or two elements.  Achinsk alumina (Sample A) is characterized by the 
accumulation of mercury and sulfur. Boron and mercury are accumulated in Bogoslovskɭ Ural’s alumina (Sample B). 
Vanadium is concentrated in alumina from Nikolayevsky Alumina Plant (Sample N). At last sulfur and boron define 
geochemical features of alumina produced at Pavlodarsky Aluminum Plant (Sample P). The accumulation of other 
elements in alumina is much lower. 
The average total pollution index ZC of alumina is equal to 31.7 (Table 1). This value corresponds to a moderately 
dangerous categories of soil pollution and it is close to the upper threshold of this category (ZC = 32). The alumina of the 
Nikolaev Alumina Refinery derived from Cenozoic Guinean bauxite has almost the same total pollution index ZC (ZC = 
32.3).  
The lower total pollution index characterizes the alumina produced from Turgai Cenozoic bauxite (ZC = 24.6) and of 
nepheline (ZC = 28.4). The highest total pollution index (ZC = 41.3) is typical for by domestic alumina, derived from the 
most ancient (Paleozoic) Ural bauxite.  
The observed differences in toxicity assessment of alumina and trace elements accumulation can be explained not only 
by geochemical differences of bauxite (nepheline) ores but also by technological differences of production. So the cluster 
analysis of minor elements classified the alumina samples into two general classes (Figure 2). Three samples originated 
from different sources such as nepheline (sample A), Paleozoic bauxite (sample B), and Cenozoic African bauxite were 
linked into the first class. Solely the fourth sample (P) derived from Cenozoic Asian (Turgai) bauxite represents the second 
class that has not similarity to first one.  
Sample P of Pavlodarsky Aluminum Plant is different  from  the other samples by a higher concentration of sulfur (as 
sulfates), and also sodium, chromium, and carbon. Minor elements in samples of the first class have similar concentration 
although concentrations of arsenic and fluorine are characterized by high values. 
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The total content of toxic trace elements listed in Table 1 is 3500-4500 ppm or 0.35-0.45 %. According to these values 
Russia imported 10-14 thousand tons of toxic elements together with 2.7 million tons of imported alumina in 2014. A large 
proportion of the toxic elements migrates  to aluminum while metal processing [2]. However some toxic elements remain 
in Russia as waste after the aluminum smelting. 
Fig 2. Dendrogram  of cluster analysis of alumina samples 
4. Conclusion 
Alumina is involved in the production of primary aluminum in Russia can be considered as a source of pollution of the 
environment and groundwater. Domestic alumina derived from the most ancient (Paleozoic) Ural bauxite was found to 
contain more toxic elements, while alumina derived from Cenozoic bauxite and nepheline is less dangerous. The toxicity of 
alumina is due to the strong accumulation of seven elements: Mo, As, Al, B, Be, Hg, S. These elements partially migrate 
into the solid waste after aluminum smelting. Solid waste is then transported into slime reservoirs. Leakage from slime 
reservoirs leads to the pollution of groundwater in their vicinity.  
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